Abstract
Introduction 2. Background theory 125
In this section we summarise the fundamental theory of activated sludge processes 126 which is behind and has guided our experimental study. The theory in this section is 127 adapted from our recent work (Dionisi, 2017) .
128
The equations below refer to a continuous-flow activated sludge process consisting of 129 a perfectly mixed biological reactor followed by a settling tank with biomass 130 recirculation. We assume that the excess sludge is removed from the bottom of the 131 settling tank. We will use the following definitions: = sludge waste flow rate (l/day). We will assume that substrate removal and biomass 155 Equation (4) shows that, for given kinetic parameters, the effluent substrate 156 concentration depends only on the SRT.
157
The biomass concentration in the reactor is given by: where PX is the biomass production rate (gVSS/day) and QO2biomass is the oxygen 167 consumption rate by the biomass (gO2/day). PX represents the mass flow rate of biomass 168 leaving the system, which at steady state coincides with the biomass production rate in 169 the system, while QO2biomass represents the rate at which biomass consumes oxygen in 170 the reactor. Equations (6) and (7) show that, for a given influent composition, the 
180
The design of the secondary settling tank is affected by the settling rate of the sludge, which is inversely proportional to the biomass concentration in the biological reactor, 182 e.g. an exponential decay equation is often used:
where uC is the settling rate, α and β are parameters. Equation (9) shows that the higher 185 the biomass concentration in the reactor, the lower the settling velocity and therefore the In summary this background theory shows that, for a wastewater of given flow rate and 
197
-Lower SRT gives lower oxygen consumption and higher biomass production.
198
In conclusion, the analysis of the background theory shows that, in theory, for a given 
Methods

218
Wastewaters and inoculum
219
Two wastewaters were used in this study. One wastewater had glucose and one had 220 ethanol as only carbon source. The concentration of glucose and ethanol was 1 g/l. In 221 both cases nutrients were added to the wastewater before feeding to the reactors: 
250
The fill and react phase were aerated. The main design parameters were the HRT and 251 SRT. The HRT was controlled by changing the overall daily flow-rate into the reactors. 
260
In runs 1G, 6G, 1E, 5E (SRT=HRT) the sludge withdrawal was done using the Effluent in the effluent according to equation (2), with XR=X. The length of the Fill and Effluent flow rates of the available pumps. In some runs, the length of these phases was longer than in other runs due to the availability of pumps with lower maximum flow rate. At the start-up, 5 g of the well-sieved soil was mixed with 1 L of wastewater feed. The oxygen consumption by the microorganisms was calculated in each run using the 299 experimental data on biomass produced, influent (S0) and effluent (S) COD 300 concentrations and using the COD balance, according to equation (11):
where the factor 1.42 is the COD conversion factor for biomass, assuming its empirical 303 formula is C5H7O2N.
304
The fraction of the removed COD which was converted to biomass was calculated parameter that determines the effluent substrate concentration, the first step was to 317 determine how the glucose and ethanol removal were affected by the SRT (Figure 1 ).
318
For both substrates the removal was virtually complete at high SRT and incomplete or 319 very low at low SRT. The minimum SRT for high removal efficiency (assumed to be 320 >90%) was in the range 2.5-3.0 days for glucose and 1.7 days for ethanol. 
331
The determination of the minimum SRT that is required for substrate removal is with an acceptable performance was Run 9E, with a OLR of 4.14 g COD/l.day, over 90% 408 substrate removal and acceptable solid losses in the effluent.
409
The maximum values of the OLR determined in this study, 4.28 and 4.14 g COD/l.day,
410
are among the highest reported for aerobic suspended-growth conventional activated sludge processes (Table 3 ). In Table 3 we have not considered non-conventional 
420
In summary, our experimental study has showed that the simultaneous optimisation of higher OLR the biomass production decreases for the same SRT, and this causes, from the COD balance, an increase in oxygen consumption. More insight into biomass production and oxygen consumption is shown in Figure 5 , which shows the fraction of 
485
The lowest oxygen consumption found in this study, 0.36 kg O2/kg COD removed, is analysis for the ethanol runs shows that the reason for the lower biomass production 507 and higher oxygen consumption observed at high OLR is mainly the fact that at high
508
OLR the microbial kinetics is described by a larger value of the endogenous metabolism wastewater and HRT=0.5 day and SRT=4.9 day for the ethanol wastewater.
546
The values of the HRT and SRT that gave the minimum oxygen consumption were not 547 the same that gave the highest OLR. The minimum oxygen consumption was obtained 
552
In disagreement with the conventional theory, biomass production and oxygen 553 consumption per unit of removed substrate were observed to depend on the OLR as 554 well as on the SRT. Biomass production decreased and oxygen consumption increased 555 at higher OLR. This behaviour has important consequences for the design of biological 556 wastewater treatment processes and will need to be investigated further with 557 wastewaters of different composition.
558
Overall this study has shown the importance of optimising the SRT and HRT to achieve recovery from high-rate activated sludge processes-Impact of sludge age. Bioresource
